Objective: To investigate the change in food habits in Swedish adolescents between 15 and 21 y of age with reference to age, sex, region and socioeconomic background. Design: A longitudinal study from 1993 to 1999. Setting: Two different regions in Sweden, the university city of Uppsala and the industrial town of Trollhättan. Subjects: On three different occasions, 1993, 1995 and 1999, 208 adolescents, 96 males and 112 females, were studied. Methods: A food frequency questionnaire containing 29 different food groups was used. The questionnaire also contained questions about food habits and amounts of some food items and socioeconomic conditions of the participants and their families. Results: At 17 and 21 y of age, the adolescents consumed significantly more often pasta, vegetables, coffee and tea compared to age 15, while the frequency consumption of fat spread, milk, bread, potatoes, carrots and buns and biscuits decreased. The changes between 15 and 17 were smaller than between age 17 and 21. At age 21, the males decreased their intake of fruit, while the females decreased their intake of meat. No-meat consumers among females increased from 2 to 13%. Higher educational level of the mothers of the adolescents was associated with more frequent consumption of vegetables and pasta between ages 17 and 21. Milk consumption decreased significantly in both sexes. Breakfast habits did not change: 90% had breakfast five times=week or more. Conclusions: Food habits change significantly during adolescence along with lifestyle changes. Therefore, health promotion during adolescence ought to be more supported by the society.
Introduction
During recent decades a number of cross-sectional surveys of food habits among adolescents have been published in the Scandinavian countries (Hagman et al, 1986; Räsänen et al, 1991; Bergström et al, 1993; Frost Andersen et al, 1995a ,b, 1997 Samuelson et al, 1996a,b; Höglund et al, 1998; Lyhne 1998) . A compilation has recently been published (Samuelson, 2000) . To our knowledge, no longitudinal study concerning the transition from adolescence to adulthood of changes in food habits in Sweden has hitherto been published.
During late adolescence, changes in lifestyle are common. Adolescents are easily influenced by movements and changes in the society. Mass media and advertisements in the press, radio and television are powerful factors behind changes in food habits. Today's adolescents are growing up with more advertisements and commercials in the mass media, particularly television, than any other generation, which has a great impact on their food habits and physical activity (Fogelholm 1998) . Peer groups certainly also greatly influence their individual food habits, ie what kinds of food they like to eat, their daily meal pattern and the composition of the meal.
The aims of the present study were to investigate the development of food habits in Swedish adolescents from 15 to 21 y of age, and to explore whether some general trends in food habits among these adolescents may be influenced by sex, region of domicile or socioeconomic background factors.
Design of the study
The subjects were living in the cities of Uppsala and Trollhättan, situated in east-central and in south-western Sweden, respectively. The city of Uppsala has ca. 188 000 inhabitants. It is an administrative and educational centre, with two universities. Trollhättan is an industrial town of ca. 55 000 inhabitants, many of whom are employed in manufacturing industries -automobiles and jet engines -and in administration services. For more details, see Samuelson et al (1996a,b) .
Material and population
At 15 y of age, 600 adolescents were randomly selected from the official population register. The criteria for inclusion were that they should be domiciled in the two cities, with the exception of two very suburban villages in Uppsala, and that their parents should be of Swedish origin. Furthermore, they should be healthy according to the school health records and a clinical examination performed at age 15. Four-hundred and eleven adolescents fulfilled the inclusion criteria and agreed to participate (193 males and 218 females). They were invited by letter to participate and contacted by telephone. At age 17, there were 338 left in the total study, and, at age 21, the number of adolescents had declined to 231. Of these 231, 208 adolescents were present on all three study occasions, which is 51% of the 411 adolescents who agreed to participate at age 15. The primary selection and dropout analysis at age 15 is described in detail by Bratteby et al (1997) . In summary, the participants did not differ from the non-participants in a number of aspects (weight, height, total energy expenditure and social background), except as regards the educational level of their mothers, which was higher in the study group (P < 0.05). The dropout rate found in the present study is of a magnitude often found in longitudinal studies, particularly after adolescence, when many young people have left the parental home. At age 21, many adolescents had left their home region, some were called-up for military service or were abroad. Others were not interested or had no time to participate, and some could not be contacted by letter or telephone (n ¼ 51).
Thus, in the present longitudinal investigation, 208 healthy adolescents, 96 males and 112 females, were studied on all three occasions. One-hundred and fifteen of them were living in Uppsala and 93 in Trollhättan. The study of the 15-y-olds was performed from March 1993 to April 1994, and the first follow-up was between April 1995 and April 1996, as close as possible to the 15th and 17th birthday of the participants. The second followup, at age 21, was performed between February and June 1999. In the study published in 1996, there were no differences in dietary intake and food habits in adolescents studied in autumn, winter and spring. The mean age of the adolescents at the three study occasions was 15.0 AE 0.06, 17.0 AE 0.04 and 20.6 AE 0.3 y, respectively.
The study was approved by the Ethics Committees of the Medical Faculties of the Universities of Uppsala and Gothenburg.
Methods

Food frequency questionnaire
The adolescents were interviewed about their food habits by means of a food frequency questionnaire (FFQ). The questionnaire contained questions about how often numerous food items and dishes were consumed. These food frequency data were organised for processing in 29 food groups. The FFQ provided nine response options, ranging from never to four or more times per day. At age of 15, a cross-check was made between results obtained by the FFQ and a 7 day record, and fair agreement in frequency consumption was found (Samuelson et al, 1996a,b) . In addition, the interview covered other aspects of food intake comprising 30 questions concerning food habits and amounts of food eaten. The questionnaire is available on request from the authors. Three interviewers trained in dietary studies performed the interviews.
Anthropometrical methods
Height and weight were measured by standard scales and standardised stadiometers. Body mass index (BMI) was calculated according to the formula weight in kg=height in m 2 . Weight, height and BMI are presented in Table 1 . For technical reasons, anthropometrical data from the second of the three examinations from two males and 10 females are missing.
Statistical methods
Paired t-test or Wilcoxon's matched-pairs signed rank test was used (change over time). Fisher's exact test was used in the comparative analyses of the dropouts vs the nondropouts. A multifactorial analysis model of variance was used to study whether differences over time could be explained by sex, region, the educational level of the parents and BMI. A forward stepwise regression analysis was used Changes in food habits in adolescence M von Post-Skagegård et al to study the relationship between sex, region, educational level of parents and BMI, and the food consumption frequencies of the adolescents. Table 1 gives the mean and standard deviations of weight, height and BMI of 94 males and 102 females in the two regions. No significant differences were found in weight, height or in BMI at 15, 17 and 21 y, between adolescents from the two regions, and data were therefore pooled.
Results
Anthropometrical measurements
Changes of frequency of consumption of food items from 15 to 21 y of age The median frequencies and the 25th and the 75th percentiles for food-item intake are presented, showing changes in intakes for males (Table 2 ) and females (Table 3) . Differences in food frequency consumption are shown between the ages at 15 -17, 17 -21 and 15 -21 y of age. The arrows in the tables indicate increases (:) and decreases (;), respectively.
Decrease in food frequency consumption. Females decreased their frequency intake of fat spread, milk and bread between 15 and 17, while there was no significant 
Multifactorial analysis model of variance
Changes over time were found in a multifactorial analysis of a variances model including sex, region, educational level of the mother, father and BMI as independent variables and the consumption frequency of 29 food groups as dependent variables (Table 4 ).
Sex differences. There were significant differences between the sexes in frequency consumption of some food items (Table 4) . Between ages 15 and 17, both sexes reduced their frequency intake of fat spread, females more than males. Females decreased their frequency consumption of bread, in contrast to the males, who increased their intake.
Between ages 15 and 21, both sexes decreased their frequency intake of bread and meat, while the females significantly decreased their intake of these food items more than the males (Table 4) . Both males and females increased their frequency consumption of pasta, coffee and tea, whereas the females more often drank tea. From ages 17 to 21, the females more often ate fruit and drank tea, compared to the males (Table 4) . The males decreased their frequency intake of ice-cream. Both sexes drank coffee more frequently, the males significantly more often than the females.
Regional differences. There were no significant differences between the two regions in food frequency consumption between ages 15 and 17. Between ages 15 and 21, the adolescents in Uppsala decreased their intake of confectionery and potatoes significantly more than those in Trollhät-tan. (Table 4) .
However, between ages 17 and 21, the adolescents in Uppsala decreased their frequency intake of potatoes more than did those in Trollhättan. On the other hand, the adolescents in Trollhättan decreased their frequency of intake of meat, while the adolescents in Uppsala increased their intake; this difference was significant. Socioeconomic differences. Low education level corresponds to elementary school, 2 y of gymnasium or folk high school. High education corresponds to at least 3 y of gymnasium and=or university education. A higher educational level of the mother was associated with more frequent consumption of ice cream between ages 15 and 17, and a more frequent consumption of vegetables and pasta between ages 17 and 21 (Table 4) . In the explanatory model, the educational level of the mother was the most important Changes in food habits in adolescence M von Post-Skagegård et al factor for consumption of pasta, between ages 15 and 21 y (P < 0.01). Pasta was consumed more often by adolescents whose mothers had a higher educational level. Figure 1 describes the amount of milk consumption showing medians, quartiles and percentiles between ages 15 and 21 in males and females, respectively. Both sexes reduced their quantitative milk intake significantly between ages 15 and 21 and 17 to 21 y. The milk intake decreased during these years, from 9 to 5 dl and from 6 to 3 dl in males and females, respectively. The daily milk intake frequencies, however, decreased in girls between ages 15 and 17 and 17 to 21 y, but no changes were found in boys between ages 15 and 17 (Tables 2 and 3) .
Milk consumption
'No meat-consumers' At age 15, only two adolescents (females) did not consume meat, while at age 17, the number had increased to four females. At age 21, this 'no-meat group' had increased to 15 females (13%) and one male (1%).
Meal pattern
Breakfast. There were no significant differences in breakfast habits, either at 15 nor at 17 or at 21 y of age. More than 90% of the adolescents ate breakfast five times a week or more, while 4 -5% of the adolescents in all age groups had breakfast twice a week or less. The median frequencies for breakfast from Monday to Sunday were 6.9 times per week in both sexes.
Lunches. The males ate lunch significantly more often at age 15 (4.8 times=week) than at age 21 (4 times=week), whereas the females did not change their habits (4.7 times= week) during this age interval.
Prepared meals. The males did not change the number of prepared meals (8.7 times=week) during weekdays between ages 15 and 21. The females, however, significantly decreased their intake of prepared meals during this period, from 8.8 times=week to 6.6 times=week.
Fast food. Both sexes increased their frequency consumption of fast food (hamburgers, hot dogs, kebabs). At age 15, Significant differences between sexes, regions and educational level of the mothers are denoted in the table as *P < 0.05; **P < 0.01; ***P < 0.001. Figure 1 Daily milk intake in dl=day at 15, 17 and 21 y of age. The boxes include the medians, the 25th and 75th quartiles. The lower and upper lines represent the 10th and 90th percentiles.
Changes in food habits in adolescence M von Post-Skagegård et al they consumed fast food about once a month. At age 21, the males ate fast-food meals more than 3 times=month, while the consumption in females was more than twice=month. The males also increased their intake of pizza significantly between ages 15 and 21, in contrast to the females, who did not change their pizza intake during this period.
Discussion
To analyse the representation of the adolescents studied longitudinally at ages 15, 17 and 21, a comparison of the educational level of the parents was made between the remaining 208 participants and those participating at age 15 but not at age 21. In this dropout analysis, only the mother's but not the father's educational level was higher among participants compared to non-participants, as in the primary dropout analysis. We therefore consider the adolescents in the present longitudinal study to be representative of adolescents living in the two studied cities in Sweden.
The same standardised FFQ, with unchanged measurement procedures, was used by trained interviewers on all three study occasions.
The anthropometrical measurements showed no differences between the regions, and the results were within the limits of the Swedish growth reference values.
Use of a FFQ does not give quantitative data on the intake of energy or nutrients. On the other hand, repeated assessments in a population by this method make it possible to detect changes in the dietary intake pattern. The strength of the present study is its longitudinal approach, which gives an opportunity of following the same adolescents on three different occasions.
There were only a few differences in the food frequency consumption in both sexes between ages 15 and 17; the adolescents consumed pasta, coffee and tea more often. In addition, the females decreased their frequency of consumption of fat spread, milk and meat between the same ages and we infer that these differences may be explained by trends in society. Females are probably more influenced by recommendations for decreasing fat intake than are males, and are more concerned about body image than males (Richards et al, 1990; Moore, 1993) .
Most changes in food frequency consumption in the adolescents occurred between ages 17 and 21, a period when fast food becomes more popular. In both sexes, there was a significant decrease in the frequency intake of potatoes between ages 15 and 21, while the consumption of pasta had already increased at age 17 y and even more at age 21. The fact that pasta dishes are easy and quick to prepare may contribute to making these dishes popular among young people. Many differences in food habits between adolescents are related to sex. Between ages 15 and 21, bread, meat, coffee and tea were differently consumed by males and females, while the intake of fruit, ice-cream, coffee and tea differed between ages 17 and 21 (Table 4) . Frost Andersen et al (1995a,b) also found differences in food consumption between the sexes in secondary school students. Females reported eating more fruit and berries, whereas males had more bread and edible fat in their diet, ie about the same pattern as in the present study.
The most noteworthy regional difference in our study was in the frequency of consumption of meat. The females in Trollhättan decreased their frequency of intake of meat significantly more than the females in Uppsala, while the males in both places showed no significant change in the frequency of meat consumption. One of the most important sources of iron in the diet is meat. Samuelson et al, (1996a,b) showed that adolescents from the two regions only had marginal differences in iron intake among males, while the females at age 15 in Uppsala had a higher iron intake than those in Trollhättan. No correlation was found between dietary iron intake and serum ferritin concentrations (Samuelson et al, 1996b) . However, females in both regions decreased their frequency of intake of meat, which might increase the risk of low iron stores in these age groups .
Both sexes decreased their frequency intake of milk from ages 15 to 21, which could be a combination of both a falling trend in milk consumption in the society and a different lifestyle (Berge, 1997) . Despite a declining trend, milk and milk products still constitute a large part of the diet compared to other European countries (Pařízková, 2000) .
The adolescents in the present study ate breakfast more frequently compared to teenagers in other studies (Frost Andersen et al, 1995a,b; Klepp et al, 1991; Due et al, 1991; Höglund et al, 1998) , but at about the same frequency as in Switzerland (Cavadini et al, 2000) . In our study, about 5% ate breakfast twice a week or less, while in the study of Frost Andersen, 14.5% of the males and 12.4% of the females ate breakfast twice a week or less. Klepp et al and Due et al showed similar results for 9th grade students. In the study of Höglund et al (1998) among 15-y-olds in south-west Sweden, about 20% of the males and 32% of the females did not eat breakfast daily. There were, however, large variations between the schools and between large and small urban regions with different populations. Another explanation might be differences in methodology. The males in the present study retained during adolescence a high intake of prepared meals during weekdays, while the females had decreased their intake significantly from 8.8 to 6.6 times a week from age 15 to 21. In other studies there are similar differences between the sexes; in the study of Höglund et al (1998) dinner in the evening was eaten by 75 and 62% of the males and females, respectively.
The frequency consumption of fast food increased significantly in both sexes, especially among the males, who had the largest increase in frequency of consumption of fast food. In southern European countries, snacking seems to be less frequent, but it is difficult to compare results from local studies, since they are often not representative of the countries (Amorim Cruz, 2000) . In Sweden, Höglund et al (1998) showed that females tended to eat healthier food, Changes in food habits in adolescence M von Post-Skagegård et al eg vegetables, more often than males. The females, however, had a tendency towards a more irregular meal pattern, whereby they often omitted breakfast and dinner, and did not compensate by eating fast food, unlike the males.
In the multifactorial analysis of variance of the relationship between food habits and and socioeconomic factors, a positive correlation was found between more frequent consumption of vegetables and pasta and the level of education of the mothers. On the first study occasion in 1993, there was also a positive correlation between frequent consumption of vegetables and the level of education of the parents. Socioeconomic factors were not found to have a significant influence on food habits at age 21. At least two factors seem to have had an influence on the changes in food habits of young people over the years. One of these is probably new trends in food consumption in society during recent years. During this period there has, for instance, been a change in fat consumption. Fat intake has been reduced in different age groups in Sweden (Becker, 1999) . People use less fat spread, which is illustrated by the decreasing frequency consumption of fat spread and milk. The decreasing consumption of milk found in this study has also been shown in an overview of the Scandinavian countries (Berge, 1997) . The second explanation for the change in dietary habits is the diversity changes in lifestyle factors during adolescence, which also includes their dietary habits. There is a possibility that the changes in food habits between ages 17 and 21 are greater than between 15 and 17, because of the longer time period. However, on the other hand, the changes in lifestyle (food habits, smoking, alcohol consumption, as well) between ages 17 and 21 are larger, because the adolescents are developing their own living habits. That certainly is the same pattern in other countries. Post et al (2001) reported that dietary intake did not stabilize during adolescence. To re-examine these young people after a period of 5 -10 y might reveal whether their dietary pattern has changed again. Possibly, by that time social and demographic variables, the level of education in particular, will show a more distinct association with their food habits than was evident during their transition from adolescence to adulthood.
It seems reasonable that adolescents during these age periods are prepared to change their dietary habits in different directions. If they see the benefits of healthy eating habits, health promotion programs in school and society will be accepted.
